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1
METHOD FOR MANUFACTURING
ELECTRODE FOR FUEL CELL
COMPRISING NANOCARBON AND
CORE-SHELL-STRUCTURED
PLATINUM-CARBON COMPOSITE AND THE
ELECTRODE FOR FUEL CELL
MANUFACTURED BY THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2012-0078362, filed with the Korean Intellec-
tual Property Office on Jul. 18, 2012, the disclosure of which
is incorporated herein by reference in its entirety.

BACKGROUND

1. Technical Field

The present subject matter relates to a method of manufac-
turing an electrode for a fuel cell and an electrode for a fuel
cell manufactured by the method. More particularly, the
present subject matter relates to a method of manufacturing
an electrode for a fuel cell, in which nanoparticles of carbon
or “nanocarbons” are grown on the surface of a substrate for
a fuel cell using a co-gasification process of a platinum pre-
cursor and a carbon precursor, and simultaneously core-shell-
structured platinum-carbon composite catalyst particles are
highly dispersed between nanocarbons, thereby obtaining an
electrode for a fuel cell having improved electroconductivity,
activity and durability, and to an electrode for a fuel cell,
manufactured by the method.

2. Description of the Related Art

Recently, with the exhaustion of crude oil and the increase
of oil prices, the development of novel energy sources difter-
ent from conventional energy sources has been required, and
thus the necessity for developing fuel cells has been
increased. However, although research into fuel cells has
been conducted for several decades, the commercialization of
fuel cells has proceeded slowly because the production cost of
an electrode catalyst for a fuel cell was high and the durability
of the electrode catalyst is very low. Therefore, research into
improving the performance and durability of an electrode for
a fuel cell has lately been attempted actively and variously.
Generally, research results, such as high dispersion of a plati-
num catalyst, prevention of electrode corrosion and catalyst
detachment by the reformation of a carbon support, improve-
ment of durability by controlling the properties of carbon
bonded with metal particles, and the like have been proposed.
However, to date, remarkable research results have not been
presented, and solutions for basically improving the perfor-
mance and durability of a platinum catalyst also have not been
presented.

Korean Patent Registration No. 10-823502 describes
related art.

SUMMARY

Accordingly, the present subject matter has been devised to
solve the above-mentioned problems, and an object of the
present subject matter is to provide a method of manufactur-
ing an electrode for fuel cell, in which an electrode for fuel
cell having improved performance and durability can be
manufactured by a simple process.

Another object of the present subject matter is to provide an
electrode for fuel cell, which is configured such that nanocar-
bons for improving electroconductivity and increasing a reac-
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tion area are formed on the surface of a substrate, and core-
shell-structured  platinum-carbon composite particles
exhibiting remarkable activity and durability in a fuel cell
reaction are dispersed on the surface of the nanocarbons.

In order to accomplish the above objects, an aspect of the
present subject matter provides a method of manufacturing an
electrode for fuel cell, including the steps of: (S1) pretreating
a surface of a substrate; (S2) doping the pretreated surface of
the substrate with a catalyst for growing nanocarbons; (S3)
disposing the substrate doped with the catalyst in a reactor
and preheating this substrate to predetermined temperature;
(S4) providing a platinum precursor and a carbon precursor in
the form of a gas from each gasifier; and (S5) supplying the
gaseous platinum precursor and carbon precursor to the con-
tactlessly-preheated reactor using a carrier gas to form nano-
carbons and a core-shell-structured platinum-carbon com-
posite on the surface of the substrate doped with the catalyst.

Another aspect of the present subject matter provides an
electrode for fuel cell, including: a substrate including nano-
carbons on a surface thereof, wherein a core-shell-structured
platinum-carbon composite is dispersed on a surface of the
nanocarbons.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present subject matter will be more dearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a scanning electron microscope (SEM) photo-
graph showing the surface of an electrode for fuel cell, manu-
factured in Example 1;

FIG. 2 is a transmission electron microscope (TEM) pho-
tograph showing the surface of an electrode for fuel cell,
manufactured in Example 1;

FIG. 3 is a graph showing the result of measuring the
performance of an electrode for fuel cell, manufactured in
Example 1; and

FIG. 4 is a graph showing the result of measuring the
performance of a conventional electrode for fuel cell.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, a method of manufacturing an electrode for a
fuel cell according to the present subject matter will be step-
wisely described in detail.

First, the surface of a substrate for a fuel cell electrode is
pretreated (S1).

This step is carried out in order to synthesize nanocarbons
on the surface of the substrate for a fuel cell electrode. As the
substrate for a fuel cell electrode, carbon paper (carbon fiber
paper or graphite fiber paper) may be used. The thickness,
porosity, size and the like of the carbon paper are not particu-
larly limited, and various types of carbon paper may be
applied.

According to an embodiment of the present subject matter,
the step S1 may sequentially include the steps of: washing and
drying a substrate; impregnating the washed and dried sub-
strate with sulfuric acid or a mixed acid of sulfuric acid and
nitric acid and treating this substrate with ultrasonic waves;
and washing and drying the ultrasonically-treated substrate.

More specifically, the surface of the substrate for a fuel cell
electrode is washed with a cleaning solvent such as ethanol or
the like, and then the substrate is dried in an oven at about 100
to about 120° C., preferably at 110° C., for 6 hours or more,
and preferably for about 12 to about 24 hours. Thereafter, in
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order to increase the wettability of the surface of the substrate,
the substrate is immersed in sulfuric acid (98%) or a mixed
acid of sulfuric acid and nitric acid (14 M nitric acid and 98%
sulfuric acid are mixed at a volume ratio of 1:1), and is then
treated with ultrasonic waves for about 30 to about 360 min-
utes using an ultrasonic bath (60 kHz). Subsequently, the
substrate is washed with a cleaning solvent such as distilled
water or the like several times to completely remove acid
components, and is then dried in the air for 12 hours and then
further dried in an oven at about 100 to about 120° C., pref-
erably at 110° C., for 12 hours or more, and preferably for
about 6 to about 24 hours.

Thereafter, the surface of the pretreated substrate is doped
with a catalyst for growing nanocarbons (S2).

In this step, in order to grow nanocarbons on the surface of
the substrate pretreated in the step S1, the surface thereof is
doped with a catalyst to be used as a seed.

According to an embodiment of the present subject matter,
the step S2 may sequentially include the steps of: impregnat-
ing a substrate with a precursor of a catalyst for growing
nanocarbons and applying ultrasonic waves to the substrate;
maintaining the substrate for a predetermined amount of
time; and drying the substrate.

The precursor of the catalyst for growing nanocarbons
according to the present subject matter may be selected from
the group consisting of an aqueous nickel nitrate solution, an
aqueous cobalt-nickel nitrate solution and a solution obtained
by dissolving iron in alcohol or benzene. It is preferred that
ferrocene be used as iron.

More specifically, the precursor of the catalyst for growing
nanocarbons is formed into about 0.2 to about 0.5 M solution,
the pretreated substrate is immersed in this solution, and then
ultrasonic waves (60 kHz) are applied thereto for about 30 to
about 360 minutes. Then, this substrate is left for about 12 to
about 24 hours. Then, this substrate is dried in the air for about
12 to about 24 hours, and then further dried in an oven at about
100 to about 120° C., preferably at 110° C., for about 12 to
about 24 hours to prepare a substrate for a fuel cell electrode
doped with a catalyst necessary for growing nanocarbons.

Next, the substrate doped with the catalyst prepared in the
step S2 is disposed in a reactor, and is then preheated to
predetermined temperature (S3).

Preferably, the substrate doped with the catalyst is disposed
in areactor, and nitrogen is introduced into the reactor at room
temperature for 1 hour or more to remove impurities existing
in the reactor, thus forming nanocarbons and a core-shell-
structured platinum-carbon composite on the surface of the
substrate.

In this step, the preheating temperature of the reactor is
closely related to the synthesis of nanocarbons and the syn-
thesis temperature of a core-shell-structured platinum-carbon
composite. A synthesis reaction takes place as soon as a
gaseous carbon precursor and a gaseous platinum precursor
are introduced into the preheated reactor. Therefore, in order
to obtain a desired composite, the preheating temperature in
this step may be suitably adjusted.

Preferably, the reactor may be preheated in a temperature
range of about 400 to about 1100° C. More preferably, in
order to effectively grow carbon nanotubes, the reactor may
be preheated in a temperature range of about 600 to about
1100° C. In this temperature range, carbon nanotube-type
nanocarbon and a core-shell-structured platinum-carbon
composite can be formed by a one-step process. Next, a
platinum precursor and a carbon precursor are provided in the
form of a gas from their respective gasifiers (S4).

This step may be carried out in various manners depending
on whether or not each of the precursors is liquid or gaseous.
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For example, (a) a liquid platinum precursor and a liquid
carbon precursor may be simultaneously gasified by their
respective gasifiers, or (b) a liquid platinum precursor may be
gasified by one gasifier and a gaseous carbon precursor may
be provided to another gasifier.

Specifically, a liquid platinum precursor is supplied to one
gasifier, a liquid carbon precursor is supplied to another gas-
ifier, and then each of the gasifiers is heated to the boiling
point of each of the precursors, thus simultaneously gasifying
the liquid platinum precursor and the liquid carbon precursor.
Further, when a gaseous carbon precursor is used, this gas-
eous carbon precursor may be directly provided into a gas-
ifier.

The platinum precursor used in this step is used to form a
core of a platinum-carbon composite. As the platinum pre-
cursor, gasifiable materials may be used. Preferably, the plati-
num precursor may be selected from the group consisting of
(trimethyl)methylcyclopentadienyl platinum, platinum(II)
acetylacetonate, tetrakis(trifluorophosphine) platinum(0),
tetrakis(triphenylphosphine)  platinum(0),  platinum(II)
hexafluoroacetylacetonate, trimethyl(methylcyclopentadi-
enyl) platinum(IV), and (1,5-cyclooctadiene)dimethyl plati-
num(Il). More preferably, it is advantageous in terms of pro-
cess cost that precursors, which can be easily gasified at room
temperature, are used as the platinum precursor. In this case,
it is possible to minimize the occurrence of the problem of'the
precursor being condensed or coated in a connection pipe
provided between the gasifier and the reactor.

The carbon precursor used in this step is used to form a
shell of a platinum-carbon composite or to form nanocarbons.
The carbon precursor may be a liquid carbon precursor
selected from the group consisting of methanol, ethanol,
acetone, benzene, toluene and xylene, or may be a gaseous
carbon precursor such as methane or acetylene.

The gasifier used in this step may be a commonly-known
gasifier or a directly-made gasifier. Generally, the gasifier
may be made of a platinum material or a glass material (quartz
glass or Pyrex glass). It is advantageous that the gasifier be
made of a glass material because the glass material is a stable
material by which the state and residual quantity of contents
in the gasifier can be observed at constant temperature and
which does not react with a precursor.

In this step, since the specific gasification condition of a
precursor is different according to the kind of the selected
precursor, it is required to suitably adjust the gasification
temperature thereof. According to an embodiment of the
present subject matter, when (trimethyl)methylcyclopentadi-
enyl platinum is used as the platinum precursor, it can be
gasified at a temperature of about 50 to about 70° C. Further,
when acetone is used as the carbon precursor, it can be gas-
ified at a temperature of about 50 to about 60° C. According
to another embodiment of the present subject matter, when
(1,5-cyclooctadiene)dimethyl platinum(Il) is used as the
platinum precursor, it can be gasified at a high temperature of
100° C. or more with it being dissolved in a solvent such as
benzene. In this case, this platinum precursor may be gasified
by putting a glass-made gasifier into an oven or by winding a
middle connection pipe connecting a proportioning pump and
areactor with heating tape while transferring a predetermined
amount of a precursor solution using the proportioning pump.

Finally, the gaseous platinum precursor and gaseous car-
bon precursor are contactlessly supplied to the preheated
reactor using a carrier gas to form nanocarbons and a core-
shell-structured platinum-carbon composite on the surface of
the substrate doped with the catalyst (S5).

In this step, each of the gaseous precursors is contactlessly
supplied to the reactor by a carrier gas, for example, is sup-
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plied to the reactor through an additional supply line. There-
fore, gasified precursors are joined with each other at the inlet
of the reactor. Meanwhile, when the gasified precursors are
joined with each other in a transfer pathway, there is a prob-
lem in that undesired side reactions take place or the wall of
the transfer pathway is coated with these gasified precursors.

The carrier gas used in this step serves to prevent precur-
sors from being condensed and to prevent side reactions from
taking place. As the carrier gas, oxygen, hydrogen or nitrogen
gas may be used. However, in order to minimize the side
reactions taking place when the platinum precursor moves in
the connection pipe, it is preferred that inert gas, such as
nitrogen, argon, helium or the like, be used as the carrier gas.

In this step, each of the gaseous precursors begins to flow
into the preheated reactor, and simultaneously the synthesis
of an electrode for fuel cell, which is composed of a finally-
targeted core-shell-structured platinum-carbon composite,
starts. In this case, the thickness of a catalyst layer increases
with the passage of time. The synthesis thereof is conducted
in the reactor preheated in the step S4 at a temperature of
about 400 to about 1000° C. for 30 minutes to 6 hours.
Generally, conventional nanocarbons, such as carbon nano-
tubes, carbon nanofibers or carbon nanowires, are grown at a
high temperature of 700° C. or more, whereas the electrode
for fuel cell according to the present subject matter, which is
composed of nanocarbons and a core-shell-structured plati-
num-carbon composite, can be synthesized at a low tempera-
ture of about 500° C., and the form of the composite formed
on the surface of the electrode can be controlled. Further, as
the synthesis temperature increases, the crystallinity of nano-
carbons is improved, whereas the crystallinity of a platinum-
carbon core-shell structure is changed. Further, when the flow
ratio of a carbon precursor and a platinum precursor is suit-
ably adjusted, the form of a platinum-carbon core-shell struc-
ture, that is, the thickness of a shell and the size of platinum
particles can be adjusted.

Further, the present subject matter provides an electrode
for fuel cell, including: a substrate including nanocarbons on
the surface thereof, wherein a core-shell-structured platinum-
carbon composite is dispersed on the surface of the nanocar-
bons.

The core-shell-structured platinum-carbon composite of
the present subject matter is configured such that a core is
made of platinum, a shell is made of carbon, and the core is
partially or entirely covered by the shell.

Further, it is preferred that the nanocarbons be carbon
nanofibers or carbon nanotubes.

According to the electrode for fuel cell of the present
subject matter, nanocarbons and a core-shell-structured plati-
num-carbon composite are impregnated on the surface of a
substrate used as a support, so an additional electrode manu-
facturing process including several steps is not required, and
a high-performance electrode for fuel cell can be synthesized
by one-step process, thereby simplifying a manufacturing
process, reducing a process cost and improving the perfor-
mance and durability of an electrode.

Hereinafter, the present subject matter will be described in
more detail with reference to the following Examples. These
Examples are set forth to illustrate the present subject matter,
and the scope of the present subject matter is not limited
thereto.

Example 1
First, a substrate for an electrode, for example, graphite

paper, was surface-washed with ethanol, and was then dried
in an oven at 110° C. for 12 hours. The substrate was
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immersed into a mixed acid (which was obtained by mixing
14 M nitric acid with 98% sulfuric acid at a volume ratio of
1:1)in orderto increase surface wettability, treated with ultra-
sonic waves (60 kHz) for 30 minutes in an ultrasonic bath,
sufficiently washed with distilled water to completely remove
the mixed acid, dried in the air for 12 hours, and then further
dried in an oven at 110° C. for 12 hours, thereby pretreating
the substrate.

Subsequently, the dried substrate was coated with a nickel
catalyst which is used as a seed for growing nanocarbons. As
a nickel precursor, an aqueous nickel nitrate [Ni
(NO,),.6H,0] solution (0.2 M) was used. The pretreated
substrate was immersed into the aqueous nickel nitrate solu-
tion, treated with ultrasonic waves (60 kHz) for 30 minutes,
and then further immersed into the aqueous nickel nitrate
solution for 6 hours. These procedures were repeated three
times. The substrate treated in this way was dried in the air for
24 hours, and then further dried in an oven at 110° C. for 12
hours to prepare a catalyst-supported electrode necessary for
growing nanocarbons.

Subsequently, precursor for forming nanocarbons and a
core-shell-structured platinum-carbon composite were pro-
vided. Methane (99.998%) was used as a carbon precursor,
and the flow rate thereof was adjusted in accordance with the
volume of a quartz reactor for composite synthesis. (Trimeth-
yDmethylcyclopentadienyl platinum (MeCpPtMe;, 99%,
STREM) was used as a platinum precursor, the flow rate
thereof was adjusted by supplying high-purity nitrogen, and
gasification temperature was set to 60° C. For example, when
a cylindrical reactor having a section area of 20 mm> was
used, the flow rate of methane was set to 3 mL/min, the flow
rate of nitrogen for gasifying a platinum precursor was set to
20 ml/min, and high-purity nitrogen was additionally sup-
plied to the reactor at a flow rate of 17 mL/min, and thus the
total flow rate was set to 50 ml/min. A connection pipe
provided between the gasifier and the reactor was wound with
heating tape, and gasification temperature was set to 60° C.,
thus preventing gaseous precursors from being condensed.
Further, precursors were first brought into contact with each
other at the inlet of the reactor, thus minimizing the unneces-
sary side reactions.

Prior to the synthesis reaction of a composite, nitrogen was
supplied to a quartz reactor at a flow rate of 50 mL/min to
remove impurities existing in the quartz reactor, and the
quartz reactor was preheated to 700° C., which is the synthe-
sis temperature of a composite, at a heating rate 0f 10° C./min,
thus preparing a synthesis reaction. The start time of the
synthesis reaction of nanocarbons and a platinum-carbon
core-shell structure was set to the time at which each precur-
sor arrives at the inlet of the reactor, and reaction time was
maintained at 2 hours, thereby manufacturing an electrode for
a fuel cell including nanocarbons and a core-shell-structured
platinum-carbon composite.

Test Example 1
Scanning Electron Microscope (SEM) Analysis

The surface of the electrode for a fuel cell including nano-
carbons and a core-shell-structured platinum-carbon com-
posite, manufactured in Example 1, was analyzed using a
scanning electron microscope, and the results thereof are
shown in FIG. 1. As shown in FIG. 1, it can be ascertained that
carbon nanotubes and platinum-carbon core-shell particles
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are uniformly distributed on the surface of the electrode based
on carbon paper to form a composite.

Test Example 2
Transmission Electron Microscope (TEM) Analysis

In the electrode for a fuel cell including nanocarbons and a
core-shell-structured platinum-carbon composite, manufac-
tured in Example 1, the carbon nanotubes and platinum-
carbon core-shell structure constituting the surface of the
electrode were analyzed using a transmission electron micro-
scope, and the results thereof are shown in FIG. 2. As shown
in FIG. 2, single platinum-carbon core-shell nanoparticle was
dispersed on the surface of a carbon nanotube, or 3 to 5
platinum-carbon core-shell nanoparticles were dispersed on
the surface of a carbon nanotube in the form of a cluster. In the
case of a conventional carbon black-supported platinum cata-
lyst, when particles are dispersed on the surface of an elec-
trode, they are generally dispersed on the surface thereof in
the form of a cluster, and, in this case, the particles overlap-
ping each other are excluded from catalytic active sites. How-
ever, in the case of the electrode manufactured in Example 1,
even when platinum-carbon core-shell nanoparticles are clus-
tered, electrons, reactants and reaction products can be trans-
ferred through gaps (pores) between carbon shells, thus pre-
venting the reduction in active sites of platinum catalyst
particles.

Test Example 3
Performance Test of Electrode for Fuel Cell

The electrochemical performance and durability of the
electrode for a fuel cell (Pt—C/CNT/C, 18 wt % Pt) including
nanocarbons and a core-shell-structured platinum-carbon
composite, manufactured in Example 1, and a conventional
electrode for a fuel cell including a commercially available
catalyst (Pt/C, 20 wt % Pt) were tested. The electrochemical
performance thereof was conducted by coating a rotating disk
electrode (RDE) with synthesized nanoparticles and then per-
forming a cyclic voltammetry (CV) analysis using a poten-
tiostat (Biologic sp-50). The CV analysis was performed
under the condition thatan aqueous 0.5M H,SO,, solution was
used at room temperature, potential was applied in a voltage
of'1.2'V, anormal hydrogen electrode was used, and scan rate
was set to 20 mV/s.

From the test results, it can be ascertained that, when RDE
was manufactured based on the same platinum amount (0.3
mg Pt/cm?), the initial activity of the electrode of Example 1
was higher than that of a conventional Pt/C electrode includ-
ing a commercially available catalyst by about 16%. Further,
it can be ascertained that, when tests of measuring the dura-
bility of a catalyst were repeatedly conducted at 1000 cycles,
the activity of the electrode of Example 1 was maintained by
86% compared to the initial activity thereof, whereas the
activity of the conventional Pt/C electrode was maintained by
only 59% compared to the initial activity thereof. Such results
are explained by the composite effect of a platinum catalyst
and carbon nanotubes. That is, a commercially available cata-
lyst uses carbon black as a support, but the electrode of the
present subject matter is configured such that platinum-car-
bon core-shell particles are dispersed on the surface of a
carbon nanotube. Carbon black is amorphous carbon, but the
platinum-carbon core-shell is a carbon composite having a
graphite structure. Therefore, the electrode of the present
subject matter is advantageous in that its physical and chemi-
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cal strength is high in an electrochemical reaction, and that a
carbon layer hardly corrodes. Further, the active sites of a
catalyst having a platinum-carbon core-shell structure are not
agglomerated according to the progress of a reaction, and are
not detached by the corrosion of carbon, thus preventing the
inactivation of the electrode.

As described above, a conventional electrode for fuel cell is
manufactured by a complicated process including the steps of
preparing a catalyst (impregnating-drying-aging), preparing
a catalyst slurry; coating a substrate with the catalyst slurry,
drying the substrate coated with the catalyst slurry, and the
like. However, since the method of manufacturing an elec-
trode for a fuel cell according to the present subject matter can
manufacture an electrode for a fuel cell having high perfor-
mance and high durability for a short period of time at low
cost using one-step process, this method is suitable for mass
production. Further, according to the method of the present
subject matter, composites having various properties and
composition ratios can be synthesized by changing synthesis
temperature and precursor composition.

Further, the nanocarbons included in the catalyst layer of
the electrode for a fuel cell according to the present subject
matter serve to improve electroconductivity and increase a
reaction area, and the core-shell-structured platinum-carbon
composite included therein serves to improve catalytic activ-
ity and durability.

Many other benefits will no doubt become apparent from
future application and development of this technology.

All patents, published applications, and articles noted
herein are hereby incorporated by reference in their entirety.

Although the preferred embodiments of the present subject
matter have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the subject matter as disclosed in
the accompanying claims.

What is claimed is:

1. A method of manufacturing an electrode for a fuel cell,

comprising the steps of:

(S1) pretreating a surface of a substrate;

(S2) doping the pretreated surface of the substrate with a
catalyst for growing nanocarbons;

(S3) disposing the substrate doped with the catalyst in a
reactor and preheating the reactor to predetermined tem-
perature;

(S4) providing a platinum precursor and a carbon precursor
in the form of a gas; and

(S5) supplying the gaseous platinum precursor and carbon
precursor contactlessly to the preheated reactor using a
carrier gas to form nanocarbons and a core-shell-struc-
tured platinum-carbon composite on the surface of the
substrate doped with the catalyst.

2. The method of claim 1, wherein the step S1 sequentially

comprises the steps of:

washing and drying the substrate;

impregnating the washed and dried substrate with sulfuric
acid or a mixed acid of sulfuric acid and nitric acid and
treating this substrate with ultrasonic waves; and

washing and drying the ultrasonically-treated substrate.

3. The method of claim 2, wherein, in the step S1, the

substrate is carbon paper.

4. The method of claim 1, wherein the step S2 sequentially

comprises the steps of:

impregnating the substrate with a precursor of a catalyst for
growing nanocarbons and applying ultrasonic waves to
the substrate;
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maintaining the substrate for a predetermined amount of
time; and
drying the substrate.

5. The method of claim 1, wherein the precursor of the
catalyst for growing nanocarbons is selected from the group
consisting of an aqueous nickel nitrate solution, an aqueous
cobalt-nickel nitrate solution and a solution obtained by dis-
solving iron in alcohol or benzene.

6. The method of claim 1, wherein, in the step S3, the
reactor is preheated in a temperature range of 400 to 1100° C.

7. The method of claim 1, wherein, in the step S4, (a) a
liquid platinum precursor and a liquid carbon precursor are
simultaneously gasified by respective gasifiers, or (b) a liquid
platinum precursor is gasified by one gasifier and a gaseous
carbon precursor is provided to another gasifier.

8. The method of claim 1, wherein the platinum precursor
is selected from the group consisting of (trimethyl)methylcy-
clopentadienyl platinum, platinum(II) acetylacetonate, tet-
rakis(trifluorophosphine)  platinum(0), tetrakis(triph-
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enylphosphine) platinum(0), platinum(II)
hexafluoroacetylacetonate, trimethyl(methylcyclopentadi-
enyl) platinum(IV), and (1,5-cyclooctadiene)dimethyl plati-
num(Il).

9. The method of claim 7, wherein the liquid carbon pre-
cursor is selected from the group consisting of methanol,
ethanol, acetone, benzene, toluene, and xylene.

10. The method of claim 7, wherein the gaseous carbon
precursor is methane or acetylene.

11. The method of claim 1, wherein, in the step S5, the
carrier gas is oxygen, hydrogen, argon, helium or nitrogen
gas.

12. The method of claim 1, wherein, in the step S5, tem-
perature is maintained around the boiling point of the gasified
precursor to prevent the gasified precursor from being con-
densed.

13. The method of claim 1, wherein the nanocarbons are
carbon nanofibers or carbon nanotubes.
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